INTRODUCTION
Determining the autotrophic sources supporting food webs leading to fisheries production is important for the purpose of conserving fisheries habitat. Animals in terrestrial systems ultimately obtain their nutrition from autotrophs alongside them (Polis et al. 1997) . In marine systems, however, the role of water as a vector for energy (carbon) and nutrients means that autotrophic sources can potentially be spatially segregated from animals reliant on them (Carr et al. 2003) .
In nearshore ecology, the focus has been on movement of organic matter from intertidal habitats to deeper waters (Odum 2000) . There has been less emphasis on determining whether organic matter from subtidal habitats contributes to the nutrition of animals in adjacent, shallower habitats, although there is evidence of macrophyte contribution to sandy-beach food webs (Robertson & Lenanton 1984) .
Stable isotope analysis of carbon and nitrogen is an effective method for tracing the transfer of energy and nutrients from autotrophs to consumers, and has been ABSTRACT: The importance of organic matter produced in seagrass meadows (seagrass and epiphytic algae) to the nutrition of a valuable fisheries species (yellowfin whiting Sillago schomburgkii Peters) occurring over unvegetated mudflats was measured using the isotopic composition (δ 13 C, δ 15 N) of fish, their polychaete prey, and available autotrophic sources at several locations in southern Australia during 2 periods (summer, winter). Values for δ 13 C and δ 15 N for autotrophs and fishes varied little between seasons. Sources could be separated into 3 groups based on δ 13 C: seagrass and epiphytes (mean δ 13 C = -10.5 ‰), benthic microalgae and macroalgae (-19.5 ‰) , and saltmarsh and mangroves (-26.5 ‰) . Values of δ 15 N for the sources were 2 to 5 ‰. Values of δ 13 C for fish (-13 .3 ‰) corresponded with those of their polychaete prey (-12.5 ‰) and ultimately with those of seagrass and epiphytes. Values of δ 15 N were 5 to 6 ‰ more enriched than sources. Modelling of feasible source mixtures showed that seagrass and epiphytes were the most important contributors to the nutrition of fish, but their relative importance varied between seasons. The median contribution by other sources was <10%. Spatial analyses showed that saltmarsh plants contributed significantly to the variability in S. schomburgkii nutrition among locations, while macroalgae contributed in summer. The similarity in δ 13 C values of polychaetes and S. schomburgkii is consistent with source material from a subtidal habitat being incorporated into food webs supporting a fisheries species in adjacent intertidal habitats via a largely sedentary intermediary.
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Resale or republication not permitted without written consent of the publisher used successfully for inshore fisheries species (e.g. Loneragan et al. 1997) . The method relies on major categories of autotrophs having distinct ratios of rareto-common isotopes, which can be compared with ratios in consumer tissue to demonstrate the importance of a single source or combination of sources. In nearshore marine systems, the relatively large number of potential sources often makes it difficult to determine which sources are important. This problem can be overcome by combining 2 newly developed analytical methods. First, a model by Phillips & Gregg (2003) calculates the range of plausible combinations of sources that explain the consumer's isotope value. Second, patterns of spatial variability in autotroph isotope values are correlated with those of a consumer; a significant correlation between an autotroph and, for example, a fish, implies that the autotroph makes an important contribution to the nutrition of the fish (Melville & Connolly 2003) .
Stable isotope studies have shown that fisheries species can rely on seagrass or their epiphytic algae as their ultimate source of nutrition (e.g. Lepoint et al. 2000 , Moncreiff & Sullivan 2001 , Vizzini et al. 2002 . Mangroves typically play only a minor role in the nutrition of fisheries species occurring outside mangrove forests (Bouillon et al. 2002) , although no studies involving mangroves have previously been done in temperate waters. Although saltmarsh grasses can be an important source of energy for marsh consumers in the USA (Peterson & Howarth 1987 , Currin et al. 1995 , Australian saltmarshes are positioned higher in the intertidal zone and are inundated less frequently, and there is little evidence that marsh plants in Australia contribute to marine food webs. Microalgae on the mudflats have, however, been shown to contribute to fisheries species in subtropical Australian waters (Melville & Connolly 2003) , and the importance of microalgae to meiofauna has been demonstrated in Europe (Middelburg et al. 2000) . In many sheltered embayments, macroalgae are a conspicuous floral element, but the importance of this source in the nutrition of fishes has only been shown on rocky reefs (Jennings et al. 1997) .
The movement of energy and nutrients from one habitat to another can occur via movement of detrital organic matter in the water column or movement of prey species (Kneib 2000) . Examining isotope values of key prey species of higher-order consumers can potentially separate the importance of these alternative mechanisms. Few isotope studies provide clear evidence for pathways of organic matter among nearshore habitats, but one that does so is that by Klumpp & Nichols (1983) on the large, predatory rock flathead Platycephalus laevigatus in seagrass meadows.
Sillaginid fishes are found in shallow waters along much of the Australian coastline, and represent one of the most widespread inshore families important to fisheries. Sillago schomburgkii is an important commercial and recreational fisheries species in the states of South Australia and Western Australia (Kailola et al. 1993) . Landings in the commercial gill and seine net fisheries in South Australia have been up to 200 t per annum historically, but more recently are about 150 t (Knight et al. 2003) . S. schomburgkii is probably more important in the recreational fishery, with a current value that is at least equal to, but probably greater than, the commercial value (McGlennon & Branden 1994) . No study has attempted to link S. schomburgkii with the ultimate autotrophic source of nutrition at the base of the food web leading to production of this carnivorous fisheries species.
In the upper parts of the South Australian gulfs, several autotrophs potentially provide organic material to food webs that support valuable fisheries. The most conspicuous sources are seagrasses and their associated algal epiphytes, mangroves, and saltmarsh plants. The intertidal mudflats also contain microalgae. For several years, government bodies in Australia have been planning a series of marine protected areas to conserve habitat capable of supporting marine animal resources (Stevens 2002) . Managers are aware that they need to protect not only the habitat in which animals occur, but also other, separate, habitats from which autotrophic production contributes to food webs. Unfortunately, there is no evidence of the autotrophic sources of nutrition for fisheries species in South Australia, including sillaginids such as Sillago schomburgkii.
The aims of the current study were to (1) determine the autotrophic source(s) contributing to the base of food webs providing nutritional support for Sillago schomburgkii, and (2) use isotope values of key prey types to understand the mechanism by which organic matter moves among habitats.
MATERIALS AND METHODS
Study species. Yellowfin whiting Sillago schomburgkii Peters occurs in the temperate waters of southern and western Australia (Kailola et al. 1993) . It is an estuarine opportunist, spawning in open waters but occurring as juveniles and adults in gulfs and sheltered bays (Potter & Hyndes 1999) . In South Australian waters, S. schomburgkii is restricted to the upper regions of Spencer Gulf and Gulf St. Vincent (Fig. 1) , where the water is typically warmer and more saline than exposed marine waters at the same latitude (Noye 1984) . Spawning occurs predominantly in summer, and fish reach maturity and enter the fishery at around 20 cm length and after about 2 yr. Although the typical maximum size of 35 cm is not large for sillaginids, growth is fast relative to that of congeneric species caught in the same regions (Hyndes & Potter 1997) .
Sillago schomburgkii inhabits sheltered, shallow waters supporting large areas of seagrass, mangroves, saltmarsh and unvegetated intertidal flats (Bryars 2003) . The highest densities of S. schomburgkii have been recorded in tidal creeks surrounded by extensive stands of mangroves and saltmarsh (Connolly & Jones 1996) . It sometimes occurs over seagrass, but is more common over unvegetated habitat (Connolly 1994) . S. schomburgkii in Western Australia is carnivorous, feeding on a range of benthic crustaceans, polychaete worms and bivalves (Hyndes et al. 1997) .
Sample collection and processing. The upper sections of the gulfs of South Australia are fringed by substantial stands of mangroves. Saltmarsh is common on the landward side of mangroves. Mudflats without conspicuous vegetation extend up to 200 m seaward of the mangroves to a narrow band of intertidal seagrass and extensive subtidal meadows of seagrass. Autotrophs and Sillago schomburgkii were collected twice, once in austral winter (June 2002) and once in austral summer (January 2003) , at eight locations along approximately 200 km of coastline (Fig. 1) . These 2 periods were not used in an attempt to represent seasons per se but to obtain data at more than one time. All samples were frozen immediately upon collection.
We attempted to sample Sillago schomburgkii from a range of inshore habitats using gill, seine and trawl nets at different tidal stages, but the fish could only be caught over mudflats adjacent to mangroves or in the mouths of mangrove-lined creeks. We collected 3 fish at both periods from every location, except at 2 locations in winter where no fish could be caught. At 1 location, 9 fish were collected to determine any relationship between fish length and isotope values. When more than the required number of fish was caught, we selected fish of a length most commonly found at that period. Selected fish ranged from 8 to 30 cm in winter and 14 to 35 cm in summer.
Except where otherwise noted, 3 samples of the following autotrophs were collected from every location at both collection times. On the saltmarsh, leaves were collected from the 2 most abundant species, bearded glasswort Sarcocornia quinqueflora and grey samphire Halosarcia halocnemoides. Isotope values from the 2 species were similar to each other at both times (<1.2 ‰ difference for C and N at each site) and were therefore pooled. Green leaves were collected from the single species of mangrove that occurs in South Australia, the grey mangrove Avicennia marina. We collected 2 types of seagrass: eelgrass Zostera mucronata at the bottom of the intertidal zone, and strapweeds Posidonia australis or P. sinuosa subtidally. Isotope values from the 2 types were similar to each other at both times (<1.5 ‰ difference for C and N at each site) and were therefore pooled. Seagrass epiphytes consisting of diatoms and fine, filamentous algae were separated from seagrass in the laboratory by scraping with a scalpel (Guest et al. 2004) . Enough epiphyte material for isotope analysis was obtained from every location in the summer but from only 5 locations in winter. Macroalgae were never common at any location, probably because of the lack of hard substratum in the upper parts of the gulfs, but at some locations macroalgae were found attached to shells and small rocks in sufficient quantity to collect a sample. Macroalgal samples consisted of red algae (predominantly Laurencia spp.) in winter and brown algae (Cystophora spp.) in summer.
Microalgal and cyanobacterial cells, collectively known as microphytobenthos, were collected by scraping the surface 1 cm of sediment from mudflats near locations of fish collections. Sediment was washed through 53 µm mesh to remove infauna. Material passing through the mesh was then washed through 5 µm mesh. Material retained on this mesh was added to a centrifuge tube containing colloidal silica (LUDOX™, density = 1.21) and centrifuged at 12 100 × g for 10 min. A band of diatoms, some organic matter and silica particles formed at the top of the centrifuge tube. This band was removed and again washed through Inset: location of study region in Australia a 5 µm mesh to remove the silica and any remaining microbes. Inspection of samples showed that they consisted predominantly of microalgae (mainly diatoms) with occasional contamination by very fine detrital fragments. Phytoplankton densities were very low relative to the high load of particulate detrital material in the water at our locations. We were therefore unable to process samples of suspended particulate matter to obtain a phytoplankton sample pure enough to represent this autotroph. Instead we filtered seawater to obtain a measure of the isotope signature of suspended particulate matter (seston).
All samples were dried to constant weight at 60°C, ground to a powder, placed in tin capsules and analysed on an Isoprime isotope-ratio mass spectrometer. The ratios of 15 N/ 14 N and 13 C/ 12 C were expressed as the relative per mille (‰) difference between the sample and conventional standards (air for nitrogen; PeeDee belemnite limestone carbonate for carbon).
Modelling feasible source mixtures to explain fish nutrition. Autotrophs were pooled into 6 taxa: saltmarsh, mangroves, seagrass, epiphytic algae, microphytobenthos and macroalgae. Mean δ 13 C values were calculated for Sillago schomburgkii and each autotroph taxon across all locations, separately for the 2 periods. We used these mean values in the isosource model of Phillips & Gregg (2003) to calculate feasible combinations of autotrophs that could explain the consumer signature. This method examines all possible combinations of each autotroph potential contribution (0 to 100%) in small increments (here 1%). Combinations that added to within 0.01 ‰ of the consumer signature were considered feasible solutions.
15 N was not used in the modelling because of sensitivity to fractionation corrections (see next paragraph). Results are reported as the distribution of feasible solutions for each autotroph. We also give the median contribution and the 1 and 99 percentile range rather than the full range, which is sensitive to small numbers of observations on the tails of the distribution (Phillips & Gregg 2003) .
Previous studies have shown that nitrogen isotopes in organisms are enriched relative to the organisms' diet (e.g. Peterson & Fry 1987) . This fractionation is much larger for 15 N than for 13 C, hence nitrogen isotopes can provide useful information about the trophic level of animals and the food web structure. For modelling of feasible mixtures, however, δ 15 N values of consumers must be corrected for fractionation. We initially included δ 15 N in our modelling using a fractionation correction based on the most recently reported average fractionation increase of 2.2 ‰ per trophic level (McCutchan et al. 2003) . However, we could not be confident that this fractionation rate applied to Sillago schomburgkii. The fractionation rate per trophic level is known to vary considerably with animal age, growth rates and food quality (Vander Zanden & Rasmussen 2001), and we had no information about how these factors affected fractionation in S. schomburgkii. When we ran the model using C and N data, we found that results varied substantially if we changed our corrected δ 15 N value by even a small amount (Table 1) . We decided that using N was unhelpful in feasibility modelling, although we retained it for spatial modelling (see next subsection).
72 Table 1 . Sensitivity of isosource modelling to changed assumptions about fractionation of isotope values across trophic levels. Values are median contributions of each autotroph to S. schomburgkii nutrition. Assumed fractionation is either our estimate of the most likely actual rate ('target', being 0 for C and 2.2 ‰ per trophic level for N) or ± 1 ‰ from the target value. C modelling used only this element; N modelling used both elements, and the target value for C was used. Where no value is given, the corrected value for S. schomburgkii lay outside the polygon of autotrophs and no feasible solutions were possible.
MPB -1  20  5  2  4  2  62  target  25  7  3  6  3  49  +1  27  9  5  8  5  40  Summer  -1  48  6  3  6  4  27  target  40  8  5  8  5  28  +1  33  10  6  10  6  27  Nitrogen  Winter  -1  ------target  81  6  2  2  2  4  +1  33  8  3  5  3  44  Summer  -1  ------target  61  18  3  5  8  2  +1  26  7  4  8  4  45 Fractionation in δ 13 C is relatively minor, typically <1 ‰ per trophic level (McCutchan et al. 2003) . We therefore used no correction for fractionation for δ 13 C. Nevertheless, to test the sensitivity of the model to small fractionation shifts in δ 13 C, as well as running the model using the mean δ 13 C value, we re-ran it using adjusted δ 13 C values, both adding and subtracting 1 ‰ to the mean Sillago schomburgkii value. The results were less affected by these adjustments than by those for nitrogen, and the rank order of autotroph contributions was not affected (Table 1) .
Spatial analysis to detect nutrition sources for fish. We used the 2-element spatial correlation procedure of Melville & Connolly (2003) to test whether Sillago schomburgkii showed the same pattern of spatial variability as any of the autotrophs. Mean isotope values were calculated for S. schomburgkii and each autotroph taxon at each location, separately for summer and winter. Using δ 13 C and δ 15 N signatures as Cartesian coordinates, Euclidean distances were calculated between the value for S. schomburgkii and an autotroph taxon at all locations at which they both occurred. These distances (D) were averaged to produce a measure of correlation in 2-dimensional space. To obtain a distribution of potential fish/autotroph distances, location labels of autotrophs were changed in every possible permutation, and Euclidean distances were recalculated. A probabilistic test of significance was generated by comparing the observed D of the fish/autotroph combination to this distribution of possible D values. If the D value was small relative to the distribution of possible values, then values of S. schomburgkii were spatially correlated with that particular autotroph.
As Melville & Connolly (2003) pointed out, where isotope values of more than 1 autotroph are spatially correlated with consumer values, this might be because the autotrophs themselves are correlated. When we found more than 1 autotroph correlated with fish values, we used the test procedure described above to test whether values for those autotrophs were correlated in space.
For spatial analyses, no correction for fractionation according to trophic level is necessary, since the offset between fish and autotroph values does not affect the test of spatial correlations (Melville & Connolly 2003) . However, if there is a relationship between fish lengths and isotope values, then that relationship can be used to adjust fish values to provide new values standardised for length. The relationships between length of Sillago schomburgkii and isotope values were tested using regression analysis on carbon and nitrogen separately, in winter and summer. These fish were from a single location, where additional fish had been collected for this purpose, thus avoiding confounding with spatial differences. Where a significant relationship existed, raw stable isotope values were adjusted for length using the formula from Melville & Connolly (2003) :
where δX' is the adjusted isotope signature, δX is the raw isotope value, a is a regression coefficient and FL is the fork length of fish (mm). The only significant relationship was for carbon in winter (δ 13 C = 0.08 FL -21.0; r 2 = 0.83; p = 0.012). δ 13 C values of S. schomburgkii were therefore adjusted using the equation above (a = 0.08) prior to the spatial analysis.
Isotope values of dominant prey type. To assess whether the base for nutritional support of the dominant prey item was consistent with Sillago schomburgkii, we first had to identify which prey were most common. The major prey types of S. schomburgkii were identified by examining the stomach contents of fish collected for isotope analysis in the first sampling period in this study (winter). The dominant prey item in every fish examined was errant polychaete worms, which comprised 75 to 100% of prey items by number. We collected errant polychaetes from the wild at 4 locations by sieving superficial sediment from mudflats where S. schomburgkii had been caught. As near as practicable to 10 polychaetes of an equal mix from the families Nereididae and Nephtyidae were retained from each location (total n = 38); these were washed and then processed as for fish tissue (above). The isosource model was used on mean δ 13 C prey values following the same procedure as for fish.
RESULTS

Autotroph and fish isotope values
In both winter and summer, autotrophs fell into 3 groups based on δ 13 C signatures: (1) enriched sources of seagrass and its epiphytic algae; (2) sources with intermediate values, consisting of MPB and macroalgae; (3) depleted sources of saltmarsh and mangroves (Fig. 2) . Seagrass had the most depleted δ 15 N signatures in both seasons (at < 2 ‰) and other autotrophs ranged up to about 5 ‰ (Fig. 2) . Mean δ 13 C values for seston were very enriched (-11.6 and -12.3 ‰ in winter and summer, respectively) and mean δ 15 N values were towards the upper end of the range for autotrophs (5.2 and 4.0 ‰).
Isotope values for Sillago schomburgkii were similar in both seasons (Fig. 2 ). δ 13 C values for S. schomburgkii were towards the enriched end of the range for autotrophs; δ 15 N values were 5 to 6 ‰ more enriched than the most enriched autotroph value (Fig. 2) .
Feasible source mixtures explaining fish nutrition
In both seasons, 2 autotrophs (seagrass and epiphytes) were the most likely contributors to Sillago schomburgkii nutrition. Taking into account the shape of the distribution plot, the 1 to 99 percentile range, and the median feasible contribution, seagrass was the most likely contributor to fish nutrition in winter (median contribution 49%), followed by epiphytic algae (25%, Fig. 3 ). The relative contribution of these autotrophs was reversed in summer, when epiphytic algae had the highest likelihood of contributing to S. schomburgkii (40%), with seagrass potentially contributing 28%. The other autotrophs (mangrove/ saltmarsh and macroalgae/microphytobenthos) had a low likelihood of making a substantial contribution to S. schomburgkii nutrition. The median contribution over all feasible mixtures for these other autotrophs was always less than 10%. The maximum contribution (99 percentile) that one of these other autotrophs could have made was 15 to 29% in winter and 20 to 33% in summer (Fig. 3) .
Nutrition sources for fish detected by spatial analysis
Seagrass was the only autotroph whose values of δ 13 C and δ 15 N varied significantly with those of Sillago schomburgkii across sites in both seasons (Table 2 ). In winter, 2 of the 6 autotrophs (seagrass and saltmarsh) were correlated with S. schomburgkii. The values of these 2 autotrophs were not themselves correlated in space (Table 3) . Both autotrophs are therefore independently correlated with S. schomburgkii, implying a substantial contribution of each to fish nutrition. Note that, in winter, epiphyte values could not be tested against S. schomburgkii values because the number of locations where this autotroph and S. schomburgkii were both collected was too low (n = 3).
In summer, 3 autotrophs (macroalgae, epiphytes and seagrass) were correlated with Sillago schomburgkii (Table 2 ). In tests of correlations among the autotrophs, epiphytes were correlated with macroalgae and seagrass, but macroalgae and seagrass were not correlated (Table 3) . The relationship between seagrass and S. schomburgkii values at different locations is given in Fig. 4 as an example of how the patterns correlate in 2-dimensional space (i.e. the relative positions of values at different sites are similar for fish and seagrass). Isotope values of dominant prey type δ 13 C values of polychaete worms were highly enriched (mean = -12.5 ‰, SE = 0.2) and very similar to values for Sillago schomburgkii (Fig. 2) . As for fish, feasibility modelling showed that seagrass and epiphytes were the most likely sources of nutrition for polychaetes (median contributions 47 and 28%, respectively). All other autotrophs had very low feasible contributions. δ 15 N values of polychaetes were intermediate between those of autotrophs and S. schomburgkii (Fig. 2 , mean = 7.0 ‰ , SE = 0.1).
DISCUSSION
Sources of nutrition for fish
Ultimate sources of nutrition for Sillago schomburgkii are predominantly seagrass and algae epiphytic on seagrass. This overwhelming contribution of organic material originating from seagrass meadows was consistent across the 2 periods examined. The relative contributions of seagrass and Source contribution (%) epiphytic algae varied through time, with seagrass dominant in the winter period and epiphytes in the summer. We did not test whether this is a seasonal phenomenon: this test would require data from the 2 seasons over a number of years. Previous studies examining the contribution of seagrass and epiphytes to animals living in seagrass meadows reported that seagrass and/or epiphytes are ultimately the main source of nutrition (e.g. Moncreiff & Sullivan 2001) . It has also been shown that seagrass meadows produce far more organic matter than can be utilised by consumers living in the meadows (Duarte & Cebrian 1996) ; therefore, excess production is potentially available for use in detrital food webs in adjacent habitats. Feasibility modelling of source mixtures did not help to distinguish among autotrophs other than seagrass or epiphytes, but demonstrated that their combined contribution was relatively minor. Spatial analyses highlighted the role of one of these other autotrophs, but not the same one, in both seasons. In winter, isotope values of Sillago schomburgkii were significantly correlated with saltmarshes, which suggests that at least some of the variability in nutrition of fish between sites was driven by saltmarshes. In summer, however, S. schomburgkii isotope values were correlated with those of macroalgae, seagrass and epiphytes. Since macroalgae and seagrass values were themselves correlated with epiphytes, we cannot distinguish between 2 possible scenarios to explain the relative importance of sources to the nutrition of S. schomburgkii in summer. First, contributions of each of the 3 autotrophs to S. schomburgkii nutrition may have been so substantial as to result in S. schomburgkii values tracking the autotroph values from location to location. Alternatively, either seagrass and macroalgae or both might have been correlated with S. schomburgkii only because they happened to show the same pattern of spatial variability as epiphytes. The importance of seagrass was established with the feasibility modelling, so it is the contribution of macroalgae that is in question. We cannot establish beyond doubt the role of macroalgae, but it remains the most likely of the alternative autotrophs to have contributed to S. schomburgkii nutrition in the summer.
Taking into account modelling of sources and spatial analyses, the most likely scenario in winter is that seagrass was the dominant source followed by epiphytes, together contributing in the order of 80% of nutrition, with saltmarsh the largest component of the remainder (perhaps 10%). In summer, epiphytes exceeded seagrass in importance, and macroalgae replaced saltmarshes as the largest contributor of the alternative autotrophs.
A review of studies of mangrove contributions to food webs in other habitats found little evidence of mangroves being important, despite conspicuous production of mangrove leaf material and the widely held view that outwelled mangrove detritus supports species in subtidal habitats (Lee 1995) . The present study provides the first test of the role of mangroves in food webs in temperate waters and shows that mangroves contribute little to the nutrition of Sillago schomburgkii. Given that we were able to catch S. schomburgkii only alongside mangroves in this study, and that their highest densities in South Australia have been recorded from mangrove-lined creeks (Connolly & Jones 1996) , we consider this species to be more likely than most to show a reliance on mangrove material. That it did not do so suggests that any importance of mangroves in food webs is limited to consumers actually resident in the mangrove forests rather than to consumers having merely a loose association with the forests. Furthermore, the significant contribution of material from adjacent seagrass systems (seagrass and epiphytes) is consistent with the movement of subtidal material into intertidal regions.
The role of saltmarsh plants in the nutrition of Sillago schomburgkii, while relatively minor, is the first demonstration in Australia of a contribution of saltmarsh material to the nutrition of fishes. The importance of saltmarsh organic material to consumers occurring in adjacent habitats has been well established for marshes along the east coast of North America (Peterson & Howarth 1987 , Currin et al. 1995 . The only previous suggestion of a trophic role for Australian saltmarshes was the possible contribution of salt couch grass Sporobolus virginicus to Sillago ciliata in subtropical waters of southeast Queensland (Melville & Connolly 2003) . The importance of salt couch grass was unable to be confirmed in that study, however, because salt couch grass has a carbon isotope value similar to seagrass, and consequently its contribution to food webs could not be separated from that of seagrass. 
Energy and nutrient pathways from autotrophs to fish
Sillago schomburgkii relies mainly on material from seagrass meadows even though it occurs predominantly over unvegetated mudflats in close proximity to mangroves. Our present results show some similarities with those of a previous study into the nutrition of fishes occurring in habitats adjacent to seagrass meadows (Melville & Connolly 2003) . That study, in the subtropical waters of southeast Queensland, Australia, included a sillaginid fish S. ciliata that occurs mainly over unvegetated mudflats (Gray et al. 1996) . Although S. ciliata derives some nutrition from benthic microalgae in the sediment, organic matter from seagrass and epiphytic algae in adjacent meadows is also a major source of nutrition (Melville & Connolly 2003) .
The isotope values we recorded for the key prey type (polychaete worms) and for seston give insights into the likely pathway of organic material moving from seagrass meadows to fishes. Movement of carbon and nutrients can occur either via movement of particulate or dissolved matter in the water column and/or via trophic relay -the movement of prey from one habitat to another (Kneib 2000) . In the case of Sillago schomburgkii caught over mudflats, there are 2 lines of evidence that support the former of these possibilities. First, the main prey item of S. schomburgkii, polychaete worms, are found on mudflats between the extensive seagrass meadows and mangrove forests, and have carbon isotope values consistent with seagrass/epiphyte material as a nutrition source. Although the diet and behaviour of these worms are not well described, the families are generally considered to be detritivorous (Nereididae) or carnivorous (Nephtyidae). We cannot discount the possibility that the worms had visited seagrass meadows in the period preceding sampling, but it is more likely that they feed on the mudflats on which they were caught. Second, seston values show that particulate organic matter in the water column is dominated by material with enriched carbon isotope values, presumably either seagrass and/or epiphytic algae. It seems that the invertebrate prey types consumed by S. schomburgkii rely on organic material from seagrass meadows even when they occur outside the meadows. This organic material is abundant in the water column, and the simplest model is that seagrass and epiphytic algal material is borne on currents to adjacent habitats where it is consumed by detritivorous invertebrates, and thus to carnivorous invertebrates, both of which are consumed by fishes. This is an example of movement of energy and nutrients from subtidal to intertidal habitats, and the polychaete assemblage provides an avenue for organic material from seagrass meadows to ultimately support production of S. schomburgkii.
Separating contributions of seagrass and epiphytes
The relative contribution of macrophytes versus epiphytic algae has been the subject of long-standing debate in freshwater (Boon & Bunn 1994) and estuarine (Moncreiff & Sullivan 2001) systems. In studies on the contribution of seagrass and epiphytic algae to animals living in seagrass meadows, results have either been inconclusive, or have shown that epiphytes are important (Moncreiff & Sullivan 2001) . Our study is exceptional in that it provides evidence of some contribution of seagrass itself, in this case to a consumer living in adjacent areas. Similarity of carbon isotope values of seagrass and epiphytes, as found in the current study, frequently prevents studies from distinguishing between these 2 sources. Further work will be needed in South Australia to achieve tighter resolution of the relative contributions of seagrass and epiphytes to the nutrition of Sillago schomburgkii. Attempts to circumvent this problem were made by Kitting et al. (1984) to examine spatial variation in the 2 autotrophs and compare this with variation in a consumer (a shrimp) using graphical means. This work was the precursor to the more rigorous statistical testing of spatial correlations developed by Melville & Connolly (2003) . Moncreiff & Sullivan (2001) successfully employed sulphur isotopes to separate the contribution of epiphytes and seagrass to consumers in seagrass meadows, and this is a technique offering more promise, as sulphur isotope-analysis becomes more routine (Fry et al. 2002 , Connolly et al. 2004 , Oakes & Connolly 2004 . Another technique showing promise is the potential to separate nitrogen isotope values of seagrass and epiphytes in manipulative experiments (Winning et al. 1999 , Mutchler et al. 2004 .
Implications for conservation of coastal habitats
This study provides evidence of the importance of organic material from seagrass meadows as the base for nutrition of a fisheries species of commercial and recreational importance. It describes a clear case of segregation between the habitats in which the fish occur and those from which they obtain the majority of their ultimate nutrition source. The usual assumption is of movement of organic material from shallower to deeper waters, but the opposite appears to apply for Sillago schomburgkii. Organic material from subtidal seagrass meadows is important to this species, which spends much of its time and consumes much of its prey (polychaetes) over intertidal habitats inshore of the seagrass. In considering a system of marine protected areas, not only in South Australia (Edyvane 1999) but also in other regions of the world, this trophic link between seagrass and the animals occurring in adjacent coastal habitats must be taken into account. Our study provides an example of the need to understand and account for trophic links between nearshore habitats in designing marine protected areas.
